Additional key phrases: hyperkalaemia; red cell memhrane ahnormality; sodium-potassium pump Pseudohyperkalaemia has long been known to occur in serum samples from patients with thrombocytosis I or extreme leukocytosis.? The presumed mechanism involves the release of intracellular potassium from lysed platelets and white cells during the clotting process. In most, but not all," of these situations the measurement of plasma electrolytes reveals the spurious nature of the serum findings.
This case report describes the rarer findings of pseudohyperkalaemia, pseudohyponatraemia and pseudohypoglycaemia in a patient with the red cell membrane abnormality, hereditary stomatocytosis. 
Sodium

CASE HISTORY
A 33-year-old Caucasian woman presented to her general practitioner (GP) to be screened for hereditary stornatocytosis, an autosomal dominant condition which had been diagnosed in her maternal uncle. The biochemistry results obtained are shown in Table I . Since the specimen showed no visible haemolysis, the marked hyperkalaemia and serum hypoglycaemia were presumed to be due to a delay in sample separation. However, her GP confirmed that the sample had been taken less than 6 h prior to centrifugation. A repeat sample was requested to be collected into vacutainer (Becton Dickinson Ltd, Oxford, UK) tubes: one containing lithium heparin and another without anticoagulant. Both samples confirmed the previous biochemical abnormalities, with the potassium concentration 14·8 mrnol/L and the glucose concentration 3·1 rnmol/L, Haematology results showed that although the patient was not anaemic (haemoglobin concentration 136 g/L, red cell count 3·87 x 109jL), and did not have a thrombocytosis (platelets 231 x 10 9 jL) or leuko-Correspondence: Dr Eric S Kilpatrick. cytosis (white cell count 7·5 x 109jL), there was evidence of compensated intravascular haemolysis: reticulocytes 650 x 109jL (reference interval < 100 x 10 9), serum haptoglobin <0·2gjL (0'7-3·2 gjL), and serum bilirubin 39 umolrl.; Despite this, no abnormal haemoglobins were found on electrophoresis and a screen for glucose-6phosphate dehydrogenase deficiency was negative. However, the patient's red cells demonstrated increased fragility (5' 30 gjL NaCI (reference interval 4·00-4-45 gjL NaCl)) and her blood film showed that II % of these cells had an abnormal morphology ( Fig. 1) , which, together with the clinical picture, was consistent with a diagnosis of hereditary stomatocytosis.
The patient was requested to attend the laboratory to have blood collected into several vacutainers containing either lithium heparin or no anticoagulant. The samples were allowed to stand at room temperature (20°C) and separated by centrifugation at 0, I, 2 and 3 h following collection before analysis on a Synchron CX7 analyser (Beckman Instruments Ltd, High Wycombe, UK). Two women aged 40 and 37 years acted as controls.
The effect of separation delay on serum potassium and glucose concentrations are shown ......0 ·L0r···········6 , hypoglycaemia is presumably a consequence of an increased glycolysis rate due to the initial high activity of Na + K + ATPase,~and explains why the sample separated soon after collection did not exhibit a significant fall in glucose concentration.
Pseudohyperkalaernia due to a heterogeneity of red cell membrane defects have previously DISCUSSION in Fig 2. Over the 3 h delay in centrifugation, the patient's serum sodium concentration also fell from 139 to 134mmol/L, while those of the controls did not change. Thus, when the patient's sample was centrifuged immediately after collection there was no evidence of hyperkalaemia, hyponatraemia or hypoglycaemia. This was also the case when the rapidly separated sample was measured 3 h later. Plasma results throughout the study were indistinguishable from those of serum. In addition, the serum magnesium concentration remained unchanged in the patient and the controls.
Hereditary stomatocytosis is a rare autosomal dominant condition where a defect in red cell permeability causes a massive influx of sodium ions into erythrocytes. Despite a to-fold increase in the activity of erythrocyte Na + K + A'TPase, the Na + K + pump is overwhelmed, which leads to an increase in red cell sodium and water." The latter, as in this case, can result in marked haemolysis. Morphologically, red blood cells have a central mouth-like band ('stoma') from which the condition's name is derived.
It would appear that in ,'i,'o this patient is largely able to compensate for any electrolyte abnormalities caused by her red cell defect through the increased activity of Na + K + ATPase. However, once the blood has been collected the enzyme activity becomes reduced by both a fall in sample ambient temperature and a reduced glycolytic supply of adenosine triphosphate. This leads to the rapid development of hyperkalaemia and hyponatraemia. The been described.s" In one study, the family showed evidence of haemolysis but stomatocytosis was not a feature." The rise in serum potassium in these patients was less rapid, being around 2 mmoljL in 6 h compared to the 6 mmoljL rise in 3 h found in this case. In a second family, the rises in serum potassium were similar to the patient in this report, but the red cells were spherocytotic and no subject showed evidence of haernolysis.? In a third case, the pseudohyperkalaemic individuals demonstrated neither intravascular haemolysis or abnormal erythrocyte morphology", Notably, none of these studies documented hyponatraemia or hypoglycaemia in their subjects.
The long-term prognosis of the patient in this report is presumed to be good, since her ancestors have shown no evidence of premature death. However, she is now aware that any future biochemical tests may show similar spurious abnormalities and that drugs which inhibit Na + K + ATPase, such as digoxin, are contraindicated since they may precipitate genuine in vivo hyperkalaemia and increased red cell lysis. Other members of her family are now being screened for the disease.
